Abstract. In order to meet the need of photovoltaic power generation system testing, this paper presents a strategy for simulating grid fault, voltage and frequency fluctuations and other conditions, testing PV system grid connected adaptability and low voltage ride through capability. Main Topology of the control strategy using two PWM inverter units. By controlling the output voltage vector of two superimposed, analog grid frequency variation, voltage variation and harmonic power grid operating conditions. Control strategy according to the final prototype system was developed and applied to photovoltaic power generation field test, through practice verify the feasibility of the program.
Introduction
In recent years, photovoltaic (PV) generation has developed rapidly. The large scale of photovoltaic power generation, with volatility, strong randomness and poor immunity, will have a great impact on grid operation safety and stability. It is particularly important to improve the grid-connected PV generation system quality. The grid adaptability, low voltage ride-through and other performance requirements for grid-connected PV generation system are put forward in GB/T 19964-2012 <Technical requirements for connecting photovoltaic power station to power system>. Specifically, PV generation system must continue to operate with emitting active power or reactive power for supporting power grid. The voltage drop, voltage/frequency fluctuations and three-phase unbalance of conventional AC power grid occur randomly. Therefore, a power grid analogue power with variable frequency and variable frequency is needed to realize the simulation of various states of the power grid. Based on this, grid-connected performance testing of photovoltaic power generation system can be carried out, which can safeguard the safety of power grid.
In this paper, a grid analog power scheme with dual-inverter topology was proposed. Not only the two-way flow of energy with four-quadrant operation can be achieved, but also can provide independent output of three-phase grid voltage. The grid analog power can simulate various grid states and faults such as voltage sag, voltage and frequency fluctuation, unbalanced three phases. The control strategy of grid simulation system adopts fundamental mode and harmonic mode. The fundamental mode adopts dual closed-loop control scheme based on the instantaneous value of voltage and current. Harmonic mode with voltage effective value feedback control has good control effect and high stability. The prototype was finally tested in a photovoltaic power station in Qinghai, and the experimental results show that the control scheme is feasible.
Main Circuit Topology and Working Principle
As shown in Figure 1 , the output side of the grid simulation test system includes two inverters (inverter 1 and inverter 2). The DC power of each inverter is filtered by the capacitor and input into the PWM inverter, by which converts the direct current into alternating current, outputs it through the three-phase filter. The two inverters are connected in series with the transformer coil. By controlling the frequency, amplitude and phase of the output voltage of the two inverters, the output three-phase voltage can be adjusted. The output voltage of the two sets of inverters is respectively connected to the start and end of primary winding of the transformer. The winding voltage is the vector difference of the two inverters. When the harmonic test is needed, the inverter 1 can simulate the fundamental wave output of the power grid, the inverter 2 can simulate the power grid harmonics, and finally realize the harmonic situation of the simulated power grid, and test the harmonics adaptability of the photovoltaic power generation unit.
Control Strategy
Grid simulation test system includes rectifier control and inverter control sections. Rectifier part based on PWM control scheme with IGBT device, through the four-quadrant operation, photovoltaic power generation system can feedback energy to the power grid. Because the current on the AC side is time-varying under the three-phase rotating coordinates, the traditional PI controller cannot achieve no-dead-time tracking and need coordinate transformation. In order to change the amount of three-phase sinusoidal into a direct current, a common approach based on magnetic field orientation control method is converting the mathematical model in the three-phase stationary coordinate system into the synchronous rotating dq coordinate system in formula (1) . Under above mathematical model, no static tracking of three-phase current will be realized.
In the PI adjustment result of each axis, a component containing other axis current information is injected. The injected component and the control object have the same coupling amount and opposite directions. The feed-forward compensation is performed by using grid voltage Ud and Uq. Eventually, Urd and Urq can be controlled using the following functional relationship.
(2) Kip and Kil are the proportional gain and the integral gain respectively, and i * d and i * q are given values of id and iq. Available decoupling control block diagram of synchronous rotation d-q coordinate system is shown in Figure 2 . It can be seen that in the synchronous rotation d-q coordinate system, the current is a direct current and PI controller can achieve no static tracking.
The main role of the voltage outer ring is to suppress DC voltage fluctuations, so the anti-jamming performance need to be paid more attention when the system was set. If the current control schematic plus voltage ring, a double loop decoupling control structure can be formed, as shown in Figure 3 . Grid analog system output is divided into fundamental mode and harmonic mode. The fundamental wave mode adopts the double closed loop control mode based on the instantaneous value of voltage and current. Figure 4 shows the double-closed-loop control block diagram. This method can not only meet the requirements of high-performance indicators, but also make the system to improve response speed and enhance stability. The introduction of negative feedback current feed-forward current in the current loop will speed up the dynamic response of the inverter, enhance the adaptability to nonlinear load disturbances, and reduce the harmonic content of the output voltage.
As the frequency of output voltage increases, the filter amplifies the output voltage. Therefore, the high-order harmonic feed-forward factor 1-LCω 2 is introduced to suppress the output voltage. Figure  5 shows the block diagram of the high-order harmonic control. 
Development and Testing
Grid simulation system Controller structure and system prototype is shown in Figure 6 and The main parameters of the grid simulation system are shown in Table 1 . The output is independently controlled three-phase voltage and each phase voltage range is set to 0 ~ 500 V. Voltage output accuracy is 1% and the frequency output accuracy is 0.01Hz. Figure 8 shows the voltage drop and over-voltage disturbance of the grid. Figure 8 (a) shows that the grid analog system drops from the rated voltage to 20% in 15ms, and in Figure 8 Figure 9 shows the three-phase unbalanced output test waveform of the grid simulation test system. The figure shows the test results of setting the unbalance of 10% for Phase A. Figure 10 shows the harmonic test waveform of the grid simulation test system, in which 3 times, 5 times and 7th harmonics are set for each 10V. Through testing by power quality equipment, the output meets the set value. After completing the laboratory test, the grid simulation system is installed in the vehicle container and the voltage adaptive and frequency adaptive field test is conducted in the photovoltaic power station. Figure 11 is the Yellow River hydropower photovoltaic power plant test site in Gonghe County, Qinghai Province. Figure 12 (a) shows the simulated grid frequency dropped from 50Hz to 48.05Hz and recovered to 50Hz after 15.67 seconds. The tested unit of the photovoltaic power station is not off-grid. Figure 12 (b) shows the frequency disturbance transient process. Due to the test channel frequency input using single-phase voltage test, the frequency test accuracy is not high. Therefore, the frequency from 50Hz down to 48.05Hz with transient recording test time about 25ms, but the actual inverter within 20ms to achieve rapid changes in frequency. Figure 13 simulates the grid the 70% voltage drop waveform by the grid simulation system, and then recovery to normal value after 2 seconds. As can be seen in Figure 13 (a) , the PV unit to be tested is not off-grid and passed the 70% low-voltage ride-through test. Figure 13 (b) shows the instantaneous drop waveform, which drops from the rated voltage to 70% in about 13.6ms. 
Conclusion
A grid-connected simulation system for PV power generation was proposed in this paper. The test system prototype meets the functions of low voltage ride-through, grid voltage and frequency adaptability, and successfully applies on-site testing of mobile photovoltaic power plants. It proves the feasibility of the topology and control strategy of the proposed grid simulation system and provides an important measure to ensure large-scale new energy sources to be safely connected to the power grid.
